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Fusobacterium necrophorum is a Gram-negative anaerobic bacterium that causes foot rot and liver abscesses in cattle. F. 
necrophorum subsp. necrophorum and the less virulent organism F. necrophorum subsp. funduliforme are recognized. We pres- 
ent here a draft genome sequence of the bovine liver abscess isolate F. necrophorum subsp. funduliforme strain B35, which af- 
fords a genomic perspective of virulence and bovine adaptation. 
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Fusobacterium necrophorum is a normal inhabitant of the bo- 
vine rumen but is also associated with bovine disease (1). F. 
necrophorum subsp. necrophorum (formerly F. necrophorum bio- 
type A) is the principal pathogen of cattle (causing liver abscesses, 
foot rot, and calf diphtheria), whereas F. necrophorum subsp. fun- 
duliforme (biotype B), when isolated from liver abscesses, is more 
commonly recovered in mixed culture. Accordingly, F. necropho- 
rum subsp. funduliforme is generally considered to be less virulent 
in the bovine host (2). The subspecies differ in a number of char- 
acteristics (1), but these have not been delineated at the genomic 
level. Important to human health, F. necrophorum subsp. 
funduliforme-Wkt organisms are also associated with Lemierre's 
syndrome, a syndrome characterized by suppurative thrombo- 
phlebitis of the internal jugular vein, bacteremia, and metastatic 
abscesses (3, 4). Draft genome sequences have been determined 
for four human origin F. necrophorum subsp. funduliforme iso- 
lates, but none are available for any bovine F. necrophorum isolate. 

F. necrophorum subsp. funduliforme B35 was isolated in 1986 
from an abscess in the liver of a feedlot steer from a Kansas abattoir 
(5). This isolate has been characterized with respect to leukotoxin 
biology (6), outer membrane protein profile (7), and adherence 
(8) and so was selected for sequence determination. Genomic 
DNA was subjected to 454 sequencing at The Genome Institute, 
Washington University, MO. Newbler assembly (Roche) of the 
336,159 reads yielded 40 contigs (N 50 size, 161,550 bp; largest 
contig, 324,876 bp) with 59 X coverage. The draft sequence was 
annotated using the PGAP pipeline (NCBI), resulting in the iden- 
tification of 1,990 genes, including 1,907 open reading frames 
(ORFs), 48 tRNAs, and 20 rRNAs. Mutations in 13 pseudogenes 
were verified by PCR and Sanger sequencing. The G+C content is 
34.98%. 

The genome size of 2,088,497 kb is within the range (1.96 to 
2.31 Mb) determined for four human F. necrophorum subsp. fun- 
duliforme isolates. Among the unique features of the F. necropho- 
rum subsp. funduliforme B35 genome is the presence of an operon 
encoding a choline transporter, choline kinase, cholinephospho- 



transferase, and choline-phosphate cytidylyltransferase, which 
is linked to lipopolysaccharide (LPS) biosynthesis genes. These 
features suggest that F. necrophorum subsp. funduliforme B35 
modulates the bovine host response through LPS decoration with 
phosphocholine (9). These genes are not present in the four human F. 
necrophorum subsp. funduliforme genomes. Additional surface- 
related genes include those encoding an adhesin-filamentous hemag- 
glutinin (FhaB) protein that is present in only one of the 4 sequenced 
human strains and multiple large exoproteins of the autotransporter 
and hemagglutinin families. 

Four distinct clustered regularly interspaced short palindromic 
repeat (CRISPR) loci are present, one of which is also present in 
one of the four human isolates. Each locus harbors a different 
direct repeat, and a total of 165 CRISPR spacers are present. De- 
spite such potential barriers to horizontal gene transfer, a novel 
integrative conjugative unit with similarity to Streptococcus pyo- 
genes ICESpll08 (10) and related elements is downstream of 
rum A. 

The F. necrophorum subsp. funduliforme B35 data set presented 
herein is the first sequence for a bovine F. necrophorum isolate. 
This will allow comparisons to bovine F. necrophorum subsp. 
necrophorum strains associated with foot rot or liver abscesses in 
addition to F. necrophorum subsp. funduliforme isolates from hu- 
man patients with Lemierre's syndrome. 

Nucleotide sequence accession number. This whole-genome 
shotgun project has been deposited at DDBJ/EMBL/GenBank un- 
der the accession no. AOJP00000000. The version described in 
this paper is the first version. 
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